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Introduction
The liquid level measurement and control are of critical importance for chemical process industries and the safety of the equipment they use. The control problem for such level process depends on how these tanks are coupled. Sometimes the tanks are so inter-connected that their level interacts, i.e. the level of one tank affects the dynamics of another tanks and vice-versa, a case of interacting process. It is undeniable fact that the level and flow control are the heart of chemical industries. In several such cases, e.g. petrochemical industries, pharmaceutical industries, food and beverages industries etc., level control problem of interacting tank arises. Thus the effective control of these variables shall prove very beneficent from economic point of view and also very much needed for the safety of equipments involved in the process [1, 2] .
A wide range of different control strategies for level control such tank process has been proposed by different researchers based on conventional and soft computational techniques [3] [4] [5] . For the past couple of decades, the introduction of fractional order has resulted in improved performance both in modeling and control for similar control problems [6] . Fractional Calculus is actually the idea of extending the order of derivatives and integrals to non-integer orders [7] . These non-integer order fundamental operators, where "α" is the operator order and "a" & "t" gives the limits of the operator is defined as follows: 
Different definitions of this fractional integro-differential is given by various experts namely Riemann-Liouville, Caputo, Grunwald-Lentnikov etc. [8] . Therefore, conventional integer order [9, 10] , analysis [11, 12] , and design [13, 14] . In present work, for the level control of three interacting tank process, Internal Model Control (IMC), a model based procedure has been engaged, where a process model is "embedded" in the controller [15] . As the process contains three storage elements, hence it is a 3 rd order system which comparatively makes the procedure of control design cumbersome. The order of this system is reduced to first order plus dead time (FOPDT) system, which in turn greatly reduce complexcities in controller design [16] . The adopted technique can also be extended to other higher order system like 4 th , 5 th and above. Taking a step further, the concept of Fractional Calculus is also being introduced in model reduction part, yielding a fractional order first order plus dead time (FO-FOPDT) system, thus by minimizing the modeling error.The main tuning parameters to tune in IMC are the filter time constants. But in the present work, the order of filter is considered as fraction entity, which increases the flexibility of the filter, thus affecting the performance of controlled system in a positive manner [17, 18] . Thus in overall modeling and control of the plant, closed loop control performance gets enhanced at two levels, first due to modeling and other includes the control design part.
The rest of the paper is organized as follows. IMC control scheme is discussed in brief in section 2. Basics of Genetic Algorithm (GA) which is used here as an optimization tool in obtaining reduced order model parameters and tunable controller parameters, given in section 3. Section 4, gives the mathematical modeling of a Three Tank Interacting Process, along with its linearization and model order reduction. Different schemes of proposed IMC are given in Section 5. The simulation results along with discussions are presented in Section 6. Based on the various results obtained conclusion is drawn and scope for future work is also given in Section 7.
IMC Control Strategy
The IMC technique was prominently used for chemical engineering applications in the past [19] , which is considered to be a robust control method as well. The structure of IMC very much resembles the Smith Predictive controller [20] . Whenever the process encounters the unmeasured disturbances or control process uncertainty, IMC most of the times emerge to be very efficient in reducing the dynamic or static errors to ensure the robustness of the overall closed loop control system [21] . It incorporates the replica of the original process called "internal model". This internal model is connected in parallel with the original system to generate modified error signal for the controller in which inverse of the process model is embedded. Fulfilling the required criteria for being inverse of the process model to be stable, all right hand side zeros along with time delay if any of the original model are being factored out.
As shown in Figure 1 , same control signal u(s) is fed to the both original process Gp(s) and its model Ĝp(s). Here Gp(s) is the original 3 rd order transfer function representation of three tank interacting process and Ĝp(s) is the reduced first order plus dead time model (FOPDT). It can be seen that output of Gp(s) and Ĝp(s) is being used to generate an error signal ê(s), which gives the information that how much process model is deviating from the original process. Hence this information is used as feedback signal to generate the trimmed set point, by subtracting ê(s) from r(s). Theoretically ê(s) can be zero or nullified when the model perfectly replicates every dynamics of the process, but practically it is not possible. The q(s) is the controller transfer function which is defined as:
Gs is the invertible portion of the system. And f(s) is the low pass filter making q(s) proper or realizable which also possesses tunable parameters. 
Genetic Algorithm
The use of genetic algorithms (GA) has become very common for various problem solving [22] [23] [24] . Since nowadays, cheap and fast speed computers are available which makes the application of GA feasible as it includes lots of complex calculations. The fundamental elements of GA were first proposed by Holland [25] . Later on, other literatures were reported [26] [27] [28] discussing its remarkable concept and applications. It is basically a nature inspired stochastic search algorithm based on natural evolution and selection which favours the fact that stronger individuals bear the greater potential to strive against all odds in a competing environment and the weaker one gradually extinct. A random set of parameters is being presumed to be the potential solution of the problem. These random parameters resemble the genes of chromosomes. Another parameter, a positive value commonly known as fitness function gives the measurement of "goodness" of the chromosomes for solving the problem and is somehow primarily depends on its objective function [29] .
In many cases of controller designs, some parameters are required to be tuned optimally for the enhancement of the overall performance of control system [30] [31] [32] . In the present work, the parameter to be optimised is λ (time constant of the filter) for integer order filter and if the filter is fractional in nature, then two tuning parameters i.e. λ and order of the filter, "b" are to be optimised. Although, Integral of Squared Error (ISE) is generally used as performance index for optimisation in control system design, but here Integral of Time weighted Squared Error (ITSE) has been considered because the later one gives less settling time [33] . The objective function to be minimised to obtain the value of controller parameter(s) for IMC is defined as:
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The implementation of GA for the current problem can be well understood with the help following Figure 2 . Table 1 shows the GA characteristics used to obtain the required results. 
Mathematical Modelling of Interacting Three Tank Liquid Level Process
Consider the system shown in Figure 3 , represents a benchmark problem which proves to be very effective in understanding multi tank level control strategy for interacting process. It consists of three identical cylindrical tanks Tank 1, Tank 2 and Tank 3, having same cross sectional area, A. Tank 1 and Tank 2 are inter-connected at the bottom through a manual control valve, having valve coefficient β 12, using pipe of cross-sectional area α 1 . Similarly Tank 2 and Tank 3 are inter-connected through another manual control valve, having valve coefficient β 23, using pipe of cross-sectional area α 2. Also there is one drain outlet regulated through a manual control valve, having valve coefficient β3 using pipe of cross-sectional area α 3. The pump helps the liquid flow to the Tank1 from sump through a control valve. As the liquid enters the Tank 1, some part of it also flows to Tank 2 and Tank 3 in accordance to process dynamics, resulting in rise of liquid levels of all these three tanks. The control problem considered here is to maintain the liquid level of Tank 3, h 3 to desired value by controlling the fluid flow to Tank 1, Fin. Therefore, it is a SISO (Single Input 
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where, h 1, h 2 , h 3 are the liquid levels of Tank 
Linearization
Since the nature of plant is non-linear, therefore it requires linearization for controller design and implementation. For this purpose, the concept of Taylor"s series is employed [34] . The chosen operating point is chosen as: Fin = 88 cm 3 /sec and h 3 = 3.5 cm. Equation (7) gives the values of the state space matrix A, B, C & D and hence its corresponding transfer function is given by Equation (8) . 
Model Order Reduction
Many papers have elaborated the concept of model order reduction and its application in control system [16, 35] . Since the process under study, is a third order system. To enhance computational performance and to bring ease in analysis and controller design, the original third Step error minimization technique based on Genetic Algorithm (GA), which is discussed in the following subsection is employed to estimate the optimal value of model parameters. An identical step input is applied to both original third order system and its reduced order model, whose output responses are compared to generate error. This error is used to construct the objective function, which is taken to be root mean of squared error (RMSE) at present given by (11) , N being the number of observations. This RMSE is being minimized using GA, which is illustrated in Figure 4 .
Step Input 
Different Schemes of Control Based on Order
As already stated previously, reduced order model of the three interacting tank process will be used for the IMC filter. Table 2 give different schemes of filters along with their tunable parameters fulfilling different constraints. Now the same set of controllers, as shown in Table 3 is implemented for the disturbance rejection, i.e. in these cases d(s) ≠ 0. Generally, the nature of disturbance is assumed to be first order system, therefore following form of disturbance given by Equation (12) has been considered and the results are shown in the next section. 
Results and Discussions
It has been already discussed, that model of the plant plays a vital role in current scheme of control strategy. Therefore, based on the concept fractional order model accurate model of the plant is obtained.. Hence the present section is divided into two parts. First part deals with the results obtained for modeling in reference to model order reduction, followed by second part where the controller performance is analyzed through various data and plots.
The 3 rd order transfer function given by (8) , is approximated to lower order integer and fractional order model given by (9) & (10) respectively, for bringing ease in controller design by implementing the methodology as discussed in Section 4.2. Hence the estimated transfer function for the approximated models along with their RMSE values is given in following Table 3 . Figure 5 represents the step responses for 3 rd order model along with their approximated lower order integer and non-integer models respectively.Both time domain analysis given by Figure 5 data in Table 3 , support in favor of fractional order modeling in cases where the reduction of model order is concerned. Figure 5 . Open-Loop
Step Response
Moving forward to control section, a series of MATLAB program is developed and simulated for finding the controller parameters for different IMC strategies. Since, ITSE is being minimized with the help of GA, to obtain the controller parameters for all four schemes i.e. Scheme 1, Scheme 2, Scheme 3 and Scheme 4. Table 4 shows the value of controller parameters along with the values of their corresponding performance index i.e. ITSE for each schemes. Figure 5 and Figure 6 represent the servo response for d(s)=0 and servo-regulatory response for d(s)≠0, when the disturbance of 20% is applied at time t=100 seconds, for all schemes respectively. These responses are having zoomed version of time response for a specific duration of time in the inset, so that the responses for each schemes can be identified easily. Again Fractional calculus when introduced in IMC filter design, further enhances the performance of the closed loop control system. Table 4 clearly indicates that the ITSE value is maximum for Scheme 1 and is gradually decreasing for Scheme 2, Scheme 3 with Scheme 4 being minimum, validating the supremacy of fractional order modeling and control over integer order. 
Conclusions
In this paper, IMC based fractional order controller has been reported for the level control of three interacting tank process. Four different schemes of IMC based controller arising from the combinations of different nature of system and IMC filter in terms of their order (Integer or Fractional), have been implemented for achieving the objective. The controller parameter(s) for all these four schemes are obtained using the same performance index, which is ITSE in the present case. After going through the simulated results, it can be concluded that that the inclusion of Fractional calculus not only reduce the modelling error but also enhances the control performance for IMC based control system. Also the designed control schemes very effectively meet the servo-regulatory performance. The methodology implemented here can be extended to any other model based control technique.
